Abstract. An aneurysm is formed when a blood vessel becomes dilated or distorted. It will cause the vessel to expand to a size greater than its original diameter. In this study, Wall Shear Stress (WSS) of cerebral artery with aneurysm was predicted using Computational Fluid Dynamics (CFD). WSS in the artery is one of the indicators for brain artery disease progression. Based on the results, the maximum value of blood velocity and WSS on patient specific artery with aneurysm are 3.23 m/s and 60.1 Pa, respectively. The location of high WSS is before and after the aneurysm bulge. The WSS is above the normal physiological value where the artery wall is exposed to high stress. Hence, the vessel at this location is anticipated to become weaker and could be further dilated.
Introduction
Aneurysm is a cerebrovascular disease which is related to disorder in the blood vessels of brain. The condition could lead to stroke and ischaemic attack. An aneurysm is formed when a blood vessel becomes dilated or distorted causing the vessel to expand to a size greater than its original diameter. Aneurysms can occur in a variety of blood vessels though they are most commonly found in the intracranial arteries. An aneurysm is a localized, blood-filled balloon-like bulge in the wall of a blood vessels. When the size of an aneurysm increases, there is a significant risk of rupture, resulting in severe bleeding, other complications or death. The mortality rate is almost 57% [1] for rupture occuring at a medical facility. Aneurysms can be hereditary or caused by disease, both of which cause the wall of the blood vessel to weaken [2] . Wall shear stress (WSS) has been proposed as a key parameter to characterize aneurysm [3] . Measurements of wall shear stress can help predict the areas at risk where aneurysms can rupture and this result is useful for clinical diagnosis data. This information assists medical practitioners in making clinical decision on the appropriate treatment for aneurysm. In recent years, many computational fluid dynamics (CFD) models have been constructed to study cerebral aneurysms [4] . CFD has the potential to be a useful clinical tool in observing vascular flow and disease pathology. In CFD, hemodynamic studies employed Newtonian [3, 5] and non-Newtonian models [6] . For studies which assume blood is a Newtonian fluid, the viscosity is taken as a constant value, thus ignoring the shear-thinning behavior of blood.
The objective of this work is to fundamentally understand the fluid dynamics factors that affect the aneurysm progression by simulating the velocity magnitude and wall shear stress in a section of artery with aneurysm. The basis of WSS value is 1.5Pa, which reported as a physiological value for cerebral artery [7] .
Methodology

Aneurysm Geometry
Computational method is used where MIMICS 16.0 and ANSYS 14.5 software has been employed as a tool to mesh and segment image from Angiogram. A schematic of the patient specific artery is shown in Fig.1 . 
Simulation model
The governing Navier-Stokes equation can be expressed in a vector form as [8] : (1) where V is velocity magnitude, µ is viscocity of the fluid, ρ is density of the fluid, and S is body acting forces. The aneurysm diameter size is much larger than the size of the blood cells ~5µm, hence, the blood can be modeled as a continuum.
Blood is generally accepted as an incompressible fluid with a fluid density, ρ = 1080 kg/m 3 . The vascular wall was treated as a rigid wall. Newtonian blood viscosity is taken as, μ = 0.0041 kg/m-s [9] . In order to calculate the WSS, the following relationship is used [10] :
where τw is the wall shear stress, μ is the viscocity of blood and γ is the shear rate.
The inlet velocity which is in the form of a pulse flow is shown in Fig. 2 . The inlet flow is the average of velocity in the middle cerebral artery of 355 patients [11] . The pulse was set to 1s and the results are captured at 0.25s interval. 
Results and Discussion
The results of velocity and WSS was analyzed at time t=0.25s, 0.5s, 0.75s and 1s. The pulse is maximum at t=0. The model has a peak value in WSS of 60.1 Pa at t=0.25s which can be observed in Fig. 4a . The location of peak WSS is found prior to aneurysm bulge. The WSS decrease as the velocity decrease from peak pulse to t=1s. The WSS in the anuerysm bulge is the lowest due the sudden increase in area and corresponding reduction in the flow velocity.
Conclusions
Computational simulation is performed to predict the velocity in aneurysm bulge. Recirculation and reduction in flow velocity was observed in the aneurysm bulge. WSS in the bulge is within the physiological value. The risk of rupture is low. Maximum WSS which is above normal physiological value was observed immediately before and after the aneurysm. High flow rate impose increase stress to the artery wall.
